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FRQWURORI WKHVHSDUDPHWHUV ,Q VRPHFDVHV WKLV FRQWURO FDQQRWEH HQVXUHGRYHU WKH WLPH IRU H[DPSOH WKHTXDOLW\
HOHFWURO\WHFRQFHQWUDWLRQLVH[SHFWHGWRGHFUHDVHZLWKWKHXVHRUWKHH[SHFWHGUDQJHRIFKDQJHVPDNHVLPSRVVLEOHWR
REWDLQDFHUWDLQWDUJHWFRORU2QWKHRWKHUKDQG WKHREVHUYHGFRORURI WKHZRUNSLHFHDIWHUDQRGL]LQJLVGXHWR WKH
IRUPDWLRQRIDWLWDQLXPR[LGHOD\HU,QWHUIHUHQFHEHWZHHQWKHOLJKWUHÀHFWLQJIURPWKHVXUIDFHVRIWKHPHWDODQGWKH
R[LGH FRDWLQJ FDQEH FRQVWUXFWLYH RUGHVWUXFWLYH DW SDUWLFXODUZDYHOHQJWKV GHSHQGLQJRQ WKH R[LGH¿OP WKLFNQHVV
6KDUPD$VDUHVXOWRI LQWHUIHUHQFHRI WKHUHÀHFWHGEHDPVDFRORUHIIHFWFDQEHREWDLQHG7KHUHIRUH WKH
WKLFNQHVV RI WKH R[LGH OD\HU WKH RUGHU RI LQWHUIHUHQFH DQG LWV UHIUDFWLYH LQGH[ GHWHUPLQH WKH FRORU VSHFWUXP
REVHUYHG
7KHODVHULQGXFHGFRORULQJWHFKQLTXHKDVEHHQNQRZQIRURYHU\HDUV%DXID\HWDOEXWLWKDVQRWEHHQ
XVHG ZLGHO\ LQ WKH LQGXVWU\ DV LW KDV EHHQ FRQVLGHUHG GLI¿FXOW WLPHFRQVXPLQJ DQG PRVW LPSRUWDQWO\ QRW
UHSHDWDEOH$VH[SODLQHGDERYHWKHUHSURGXFLELOLW\LVDOVRDELJLVVXHLQWKHDQRGL]DWLRQSURFHVVEXWWKHDGGLWLRQDO
GLIIHUHQFH LQ WKLV FDVH LV WKDW WKH HTXLSPHQW LV TXLWHPRUH VRSKLVWLFDWHG DQG H[SHQVLYH ,Q FRQWUDVW WR DQRGL]LQJ
ODVHULQGXFHGFRORULQJGRHVDOORZHLWKHUVHOHFWLYHPDUNLQJRUPRUHWKDQRQHFRORUDWDWLPH6RLIDUHSHDWDEOHODVHU
SURFHVVFRXOGEHIRXQGE\SUHFLVHFRQWUROOLQJDOOWKHSDUDPHWHUVLQYROYHGLQWKHJURZQRIWKHWLWDQLXPR[LGHOD\HU
WKH DGGLWLRQDO DGYDQWDJHV FRXOG RYHUFRPH WKH SULFH RI WKH HTXLSPHQW RI WKH ODVHULQGXFHG SURFHVV 7KLV
FKDUDFWHULVWLF LV SDUWLFXODUO\ LQWHUHVWLQJ IRU WKH FDVHRIKLJKYDOXH7LSLHFHV LQZKLFK WKHQXPEHURIXQVXFFHVVIXO
FRORUHG SLHFHV E\ XVLQJ DQRGL]DWLRQ FRXOG MXVWLI\ WKH XVH RI D ODVHULQGXFHG FRORULQJ WHFKQLTXH 6RPH SUHYLRXV
H[SHULHQFHV RI ODVHULQGXFHG FRORULQJ RI WLWDQLXP FDQ EH IRXQG LQ VHYHUDO SDSHUV )RU H[DPSOH /DQJGDOH HW DO
WUHDWHGFRPPHUFLDOO\SXUHWLWDQLXPZLWKDSXOVHG1G<$*ODVHU±N+]IUHTXHQF\±PPVWUDYHUVH
VSHHG 7KH DXWKRUV FRQFOXGHG WKDW OD\HU WKLFNQHVV PD\ KDYH DQ HIIHFW EXW WKH GLIIHUHQW FRORUV WKH\ REVHUYHG
FRUUHVSRQGHGPDLQO\WRGLIIHUHQWWLWDQLXPR[LGHV$VLPLODUVWXG\E\3HUH]GHO3LQRHWDO1G<$*ODVHU
N+]IUHTXHQF\:PHDQSRZHU±PPVFRQ¿UPHGWKHVHUHVXOWVDGGLWLRQDOO\DJUHDWHUUDQJHRIR[LGHV
ZDV IRXQG WR IRUPDW KLJKHU HQHUJLHV+RZHYHU D ODWHU VWXG\E\ WKH VDPH DXWKRUV 3HUH]GHO3LQR HW DO 




7KHUHDVRQIRU WKLVPD\EHH[SODLQHGLQ WHUPVRIDGGLWLRQDOQRQFRQWUROOHGSDUDPHWHUV WKDW LQIOXHQFHWKHUHVXOWLQJ
FRORUV$QWRĔF]DNHWDOVKRZFOHDUO\WKDWWKHLQIOXHQFHRIWKHWUHDWHGVL]HWKHIRFDOSRVLWLRQUHODWLYHWRWKH
VXUIDFHWKHLQLWLDOWHPSHUDWXUHDQGWKHSRVLWLRQRIWKHPDUNHG¿HOGZLWKLQWKHZRUNLQJDUHDSOD\DQLPSRUWDQWUROH
IRU WKH FRORUV REWDLQHG VR RQH FDQ FRQFOXGH WKDW VPDOO GHYLDWLRQV RI QRQFRQWUROOHG SDUDPHWHUV ZRXOG SURGXFH
GLIIHUHQW UHVXOWV DQG FRQFOXVLRQV 7KLV DJUHHVZLWK WKH GLIIHUHQFHV IRXQG LQ WKH OLWHUDWXUH DQG LPSRVHV LPSRUWDQW
UHTXLUHPHQWVIRUWKHVHWXSRIDODVHULQGXFHGFRORULQJVWDWLRQDVWKHODVHUVWDELOLW\WKHUPDOWUDQVSRUWRIWKHIL[WXUH
IRFXVSRVLWLRQVFDQQHUVSHHGUDVWHUHWF
,Q WKLV SDSHUZH IRFXVRQREWDLQLQJ FHUWDLQ FRORUV \HOORZEOXHSXUSOH DQGJUHHQRQ VPDOO VXUIDFHVRI7LE\
WDNLQJDGYDQWDJHRIDOOWKLVSUHYLRXVFRQFOXVLRQVDERXWUHSURGXFLELOLW\:HGHPRQVWUDWHWKDWUHSURGXFLEOHFRORUVFDQ
EHREWDLQHGZLWKODVHULQGXFHGWHFKQLTXHE\XVLQJDVSHFLILFFRPELQDWLRQRISDUDPHWHUVDQGH[SHULPHQWDOVHWXS
1.1. Experimental setup 
7KH VWXG\ ZDV SHUIRUPHG IRU WKH FRPPRQO\ XVHG023$ FRQ¿JXUDWLRQ <EJODVV ¿EHU ODVHU  QP ZLWK
PD[LPXP DYHUDJH RXWSXW SRZHU : DQG SRZHU DGMXVWPHQW UDQJH   EHDP TXDOLW\ IDFWRU 0   
VHOHFWDEOHSXOVHGXUDWLRQVLQWKHUDQJHQVDQGVHOHFWDEOHSXOVHUHSHWLWLRQUDWHVLQWKHUDQJHN+],3*
W\SH</30[7KHV\VWHPLVHTXLSSHGZLWKD6FDQODEYDULR6FDQZLWKH[SDQVLRQIDFWRU[DQGD
JDOYDQRPHWULF VFDQQHUKXUU\6&$1 ,,ZLWK PPFOHDU DSHUWXUH WKDW DOORZV WKHEHDP WR EH GHÀHFWHG7KH ODVHU
EHDPZDV IRFXVHGRQ WKH WDUJHW WKURXJKDPPIRFDO OHQJWK)7KHWD OHQV ,QDGGLWLRQ WKHYDULR6FDQDOORZVD
PD[LPXPDFKLHYDEOH]VKLIWLQSURFHVVLQJYROXPHDSSUR[PPLQFRPELQDWLRQZLWK)7KHWDOHQV7KLVIHDWXUH
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5HVXOWV
$ PDWUL[ SDUDPHWUL]DWLRQ RQ SXUH 7L DQG 7L$O9 DOOR\ SODWHV ZDV SHUIRUPHG YDU\LQJ WKH ODVHU SRZHU DQG












5HJDUGLQJ WKH KDWFKLQJ SDWWHUQ ZH QRWH WKDW WKH VFDQQLQJ OLQHV PD\ EH SHUIRUPHG E\ VFDQQLQJ RQ WKH VDPH


























DOOR\ SODWHV 7KH 7L$O9 DOVR NQRZQ DV 7L JUDGH  LV WKH PRVW FRPPRQO\ XVHG DOOR\ EHFDXVH RI WKH EHWWHU
PHFKDQLFDO SURSHUWLHV FRPSDUHG WR SXUH 7L $OWKRXJK LW KDV D KLJK SHUFHQWDJH RI 7L DERXW  GLIIHUHQW
SURFHVVLQJ SDUDPHWHUV FRXOG EH H[SHFWHG IRU WKH ODVHU LQGXFHG FRORULQJ WHFKQLTXH GXH WR WKH SUHVHQFH RI IXUWKHU
HOHPHQWVVXFKDVDOXPLQXPDQGYDQDGLXP
,Q RUGHU WR PDNH H[SOLFLW WKH LPSRUWDQFH RI WKH VWDELOLW\ RI WKH ODVHU V\VWHP LQ ILJ  ZH VKRZ WKH IRXQG
























JHRPHWU\ FRPSDUHG WR WKH SODWH VDPSOHV 7KLV LV DOVR LQ DJUHH ZLWK $QWRĔF]DN HW DO  ZKR IRXQG FRORU
GHSHQGHQFHRQWKHVL]HRIWKHLUUDGLDWHGDUHD$OOWKHVHUHVXOWVLQIRUPXVWKDWWKHUHDUHPDQ\IDFWRUVWKDWLQIOXHQFH
WKHREWDLQHGFRORUVDQGFRORUJDPXWDQGDOWKRXJKWKHSDUDPHWHUVXVHGLQWKLVZRUNFDQVHUYHDVDJXLGHWKHILQDO
SDUDPHWHUVRID WDUJHWSLHFH WREHFRORUHGZLWK WKLV WHFKQLTXHKDYH WREHDGMXVWHGDQGRSWLPL]HGIRU UHSURGXFLEOH
UHVXOWV
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